The outer layer of the bacteriophage +6 nucleocapsid (NC) was removed by EDTA and reassociated with the core in the presence of Ca2+ or Mg2+. The core was relatively inaccessible to trypsin digestion, was composed of protein P1, and was in the dodecahedral framework reported previously. (H. T. Steely, Jr., and D. Lang, J. Virol. 51:479-483, 1984; Y. Yang and D. Lang, J. Virol. 51:484 488, 1984). The double-stranded RNA genome became RNase sensitive after EDTA treatment of the nucleocapsid.
Bacteriophage 4+6 is a lipid-containing double-stranded RNA (dsRNA) bacteriophage of Pseudomonas syringae subsp. phaseolicola (13) . The lipid envelope and six virally encoded proteins can be separated, by nonionic detergent, from an isometric nucleocapsid (NC), which is composed of five proteins (P1, P2, P4, P7, and P8) and contains three different dsRNA segments (12) . The structural precursor of the NC is a procapsid which is detected in cells infected with wild-type phage or phage carrying a nonsense mutation for P8 (8) . The procapsid is composed of proteins P1, P2, P4, and P7. It later acquires the three dsRNA segments (1, 3) , and morphogenesis of the full virion is completed by the addition of P8 as well as the remainder of the phage proteins and the lipid envelope.
In electron microscope (EM) preparations of 4)6 NCs stained with neutralized phosphotungstic acid (PTA) or of procapsids stained with uranyl acetate (UA), three different characteristic shapes were apparent: rings, irregular hexagons, and stars (8, 11) . By EM tilting experiments and two-dimensional image analysis, it has been shown that (i) these different shapes are two-dimensional projections of identical particles at different orientations with respect to the electron beam and (ii) the dimensional ratios of the particle and the value of the tilt angle needed to transform one characteristic shape into another are those of a regular dodecahedron. Furthermore, when NCs degrade as a result of storage in low-ionic-strength buffer, the major dissociation products are open pentagons of dimensions predicted for the pentagonal faces of the regular dodecahedron. These observations led to the proposal (11, 14) Figure  1 shows the polypeptide profile of the pellets following such an experiment. In the absence of divalent cations in the suspension buffer, the particle which pelleted contained primarily P1 and a small amount of P4 (lane 2), whereas P2, P7, P8, and most of P4 were removed and recovered in the supernatant fraction (not shown). In the presence of Mg2+ (lane 3) or Ca2+ (lane 4) in the suspension buffer, all of the NC proteins were recovered in the pellet, perhaps more efficiently with Ca2+ than with Mg2+.
In the EM, the EDTA-treated pellet material stained with PTA (pH 7 or 4.5) or with UA showed about 90% of the particles as hexagons, rings, or stars, which are the characteristic shapes of the dodecahedron (11, 14) , but without an outer layer surrounding the dodecahedron (Fig. 2d) . This demonstrated the absence of the outer layer, which is always visible on intact NCs when stained with PTA at pH 4.5 or UA, (Fig. 2a) but invisible when stained with PTA at pH 7 (Fig. 2b ). Since EDTA treatment had removed P2, P7, P8, and part of P4, we concluded that the major protein of the dodecahedral framework is P1, with perhaps some contribution from the P4 species not removable by EDTA. The particle, which was recovered when the suspension buffer contained divalent cations, had the same shape as intact NCs (Fig. 2c) 5 to 7) . In contrast, the NC not treated with EDTA contained all three dsRNA segments (lane 1), which were resistant to RNase A digestion (lanes 2 to 4). The agarose concentration was 0.8% (wt/vol). L, M, S, Long, medium, and short genome segments, respectively.
We examined the RNA composition of the pelleted particle after EDTA treatment. The pellet was dissolved in Laemmli sample buffer (7) containing SDS and Imercaptoethanol, electrophoresed in 0.8% agarose gels, and stained with ethidium bromide. The pelleted particle was associated primarily with the large RNA segment and with a just detectable amount of the medium segment (Fig. 3, lane  8) . Furthermore, when the pellet was treated with RNase A prior to solubilization in Laemmli sample buffer and electrophoresis, the RNA was readily digested (Fig. 3, lanes 5 to 7) . In contrast, when the same experiment was done with NCs not treated with EDTA, the RNA was resistant to RNase A digestion (Fig. 3, lanes 1 to 4) , which is consistent with the finding of Van Etten et al. (12) for 4)6 NCs and similar to other RNA viruses in which the nucleic acid in situ is RNase resistant (reviewed in reference 6).
Trypsin digestion. We digested intact NCs (100 ,ul at 10 A260 units per ml) with 10 p.g of trypsin for 15 min on ice, followed by suspension in 4)6 buffer, centrifugation, EM, and SDS-PAGE as described for the EDTA treatment. Treatment with trypsin removed the major surface protein P8 and part of P4, whereas the cage protein P1 as well as P2 and P7 remained unaffected (Fig. 1, lane 6) . In contrast, when cages obtained by EDTA treatment (lane 5) were digested with trypsin and pelleted (Fig. 1, lane 7) , P1 was partly digested, suggesting that the in situ inaccessibility of the cage is due to its location in the interior of the NC. When the trypsindigested particles (lane 6) were treated with EDTA and pelleted again, P2, P4, and P7 were removed and P1 was obtained in the pellet (Fig. 1, lane 8) . Similarly, treatment of NCs with 10 jig of chymotrypsin followed by 10 mM EDTA yielded P1 particles (Fig. 1, lane 9) . In the EM, the particles from lanes 8 and 9 had the characteristic dodecahedral shapes (not shown), supporting the conclusion that the dodecahedral cage is composed of P1. We have shown, in agreement with the recent results of Olkkonen and Bamford (10) , that P1 forms the dodecahedral framework of the bacteriophage 4)6 nucleocapsid. This particle is probably similar to the slowly sedimenting particle reported previously (9) . Since it has been shown that P1 is also part of the RNA-dependent RNA polymerase activity of the NC (lOa), it will be interesting to find out how structural and enzymatic demands are met by this unusual protein.
Further study is required to understand how P1 assembles into a dodecahedron, what the involvement of the dodecahedron in the packaging of the RNA genome is, and whether dodecahedral assembly is important for the repli, cating and transcriptional activity of P1.
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